The continuous improvement of the information systems of organizations that work toward the control of stray dog and cat populations facilitates the implementation of programmes aimed at reducing the number of animals that roam free in public streets. This study investigated the fate of animals in a Brazilian zoonosis control centre (ZCC) with special reference to euthanasia and adoption. Techniques were applied to visualize the spatial distribution of stray dogs and cats as well as that of the people who adopt these animals. Ripley's K function was used with a Euclidean distance graph to detect the distribution patterns involved. An estimate of the kernel density was used to allow assessment of the spatial distribution of the phenomenon studied. The results show that the distribution of the captured animals, and that of the people who adopted them, form spatial clusters (P=0.01). Most of the animals were captured near the premises of the ZCC and near the downtown area. Factors such as the abandonment of animals near animal control agencies and the availability of food in these areas could play a role for this outcome. The awareness of the people who live in places where there is a greater number of stray animals and the simultaneous presence of an urban population may explain the concentration of adoptions in these areas. The results may contribute to the implementation of improved measures for the treatment of stray animals.
Introduction
Stray dog and cat populations consist of animals not under the control of an owner and which therefore roam free in public spaces. The causes for the abandonment of these animals can be lack of interest, or difficulty in keeping the animal, most likely resulting from a poor choice of a pet or lack of bonding with the animal (Slater et al., 2008) . Transmission of zoonoses and aggression towards humans (bites and scratches) are the main public health problems posed by stray animals (Morgan and Palmer, 2007; Sullivan et al., 2008) . Most of these animals are controlled through culling. In USA, an estimated 2.4 million dogs and cats are currently killed annually (Patronek et al., 1996) and in Australia, about one-third of dogs entering animal control centres are euthanized (Marston and Bennett, 2005) . Although disease control is a strong reason for killing stray animals,, this may be ineffective due to rapid replacement with new susceptible animals or other animals from other infected areas as reported with respect to dogs by Courtenay et al. (2002) and Moreira et al. (2004) . Thus, new strategies that better control dog and cat populations and do not conflict with the lives of animals must be adopted.
Laws that protect animal life have emerged and gained strength in recent years. In 2008, the State of São Paulo, Brazil, approved law no. 12.916 (State of São Paulo, 2008 ) that regulates the use of euthanasia of captured dogs and cats. With this new legislation, culling is no longer considered an acceptable control strategy, but reserved for reduction of suffering and to remove aggressive animals, leaving only sterilization and adoption as remaining strategies for stray animal control. Reproductive control (surgical and hormonal) of dog and cat populations is being researched and implemented in all parts of the world with satisfactory results (Wang, 2002; Kutzler and Wood, 2006) . In addition, adoption may actually increase the number of sterilizations (Frank and Carlisle-Frank, 2007) . Adoption is the main strategy used by animal control centres with the hope of reducing culling of animals. However, these programmes are not as successful as they could be, since they depend on economic status and education level of the surrounding human populations (Weng and Hart, 2012; Peng et al., 2012) . Identifying vulnerable human populations and using different approaches to address the issue would be a major advance for animal control organizations that aim at reintegration of caught stray animals into society rather than culling.
The zoonosis control centres (ZCC) in Brazil are departments within municipalities that are responsible, among other activities, for animal control. If these agencies do not manage to get animals adopted, they will run out of space and resources for the receipt of new animals. Therefore, evaluation of the situation is important, and the time trapped animals spend in control centres before adoption is useful in assessing the performance of animal control agencies. Stray animal control is difficult because dogs, especially, have a roaming behaviour (Pal et al., 1998) making monitoring complicated due to animal populations that are spread over large areas. Moreover, planning of new strategies is limited by the lack of research and poor information systems. Development of strategies focused on stray dogs and cats requires knowledge of their distribution and behaviour patterns, so improved methodologies to deal with the problem and achieve effective results are needed. Evaluation of the spatial distribution on record at animal control agencies can reveal patterns that would help to understand the dynamics of animal populations as well as human behaviour patterns with regard to abandonment and adoption. With this study, we aimed to introduce techniques to help agencies to establish control programmes for dogs and cats that can reduce the number of abandoned animals and the number of deaths by culling. The main objective was to present techniques that increase understanding of the spatial distribution of stray animals, and of people who adopt these animals, as well as the fate of these animals (euthanasia, adoption, escape deceased, liberated or otherwise not defined).
Materials and Methods
The methodologies described here were applied to 361 dog notifications (154 males, 151 females and 7 unknown) and cat captures (19 males, 29 females, 1 unknown) and to 110 animal adoptions (17 cats and 93 dogs). Data were collected from the ZCC in the municipality of Votorantim, São Paulo State, Brazil in the period of 2011-2012. In order to obtain the exact points where animals were captured and where they ended up if/when adopted, addresses obtained from the ZCC database were georeferenced using the website http://www.findlatitudeandlongitude.com/. Maps were produced using the R software (R Core Team, 2013).
Ripley's K function (Ripley, 1977) was used in the spatial pattern analysis to determine if there was a pattern; we were particularly interested in potential cluster tendencies. The K function is used for a pattern of X stationary points; ʎK(r) is defined as the expected number of additional random points within a distance from a typical X random point, where ʎ is the strengths of the process (density revealed). Thus, the function counts the number of neighbours (in this case captured dogs and cats) within the distance r of each individual. The true value of K [K(r)=πr2] is usually compared with an estimate of K using the difference between the empiric and theoretical K curves, suggesting clustering or spatial regularity. An estimate of K is derived from a spatial point pattern, which may be used for exploratory analyses. These K estimates are used to summarize the interaction between the points. The K(r) estimate is calculated as follows:
where a is the window area and n the number of data points. The sum is taken from all ordered pairs of points i and j in X, dij is the distance between the two points, while I(dij ≤ r) is the indicator that is equal to 1 when the distance is less than or equal to r. The term eij is the edge correction weight. The values were computed through 99 simulations (P=0.01) (Baddeley and Turner, 2005) .
A second way to spatially characterize the population of captured dogs was to produce a graph of the Euclidean distance between the cap- ture site and the ZCC (Baddeley et al., 2012) . This analysis contains the estimated distances to a pattern of points (in this case, the capture site) to a reference point (ZCC in this case), thus evaluating the distance with the higher point density. The capture occurrence density was assessed with an estimated kernel2D density, allowing a better assessment of the spatial distribution of the phenomenon studied. The bandwidth size used in the kernel was 1064 m. For spatial visualization of the events, maps were produced using OpenStreetMaps (www.openstreetmaps.org). All analyses and calculations were made with R software (R Core Team, 2013) and its spatsat package, version 1.37-0 (Baddeley, 2005) , ggplot2, version 1.0.0 (Wickham, 2009 ) and ggmap, version 1.0.0 (Kahle and Wickham, 2013) .
Results
The main fate of captured animals was euthanasia (44.3%) and the second was adoption (30.4%), as specified in Figure 1 . The mean residence time of animals in the ZCC was 24 days, and the median was 11 days from the date of capture to the date of its final destination ( Figure  2 ). The mean survival time of animals that were euthanized was 20 days, and the median was 9 days from the date of capture to the date of euthanasia (Figure 3) . The mean time that adopted animals stayed in the ZCC was 36.72 days, and the median was 25 days (Figure 4) , although the calculation could not be performed with 13 animals due to inconsistencies in the database. The residence time for both euthanized and adopted animals seems to follow a power-law with most occurrences in the first days.
The distance between the capture points was strongly clustered ( Figure 5 ) with a high statistical significance (P=0.01). The kernel density map indicated that the regions with most of the captures were located in the downtown area and around the ZCC building ( Figure 6 ). Indeed, the latter area showed a higher density of captures than the downtown area. The maximum capture density was near the ZCC (Figure 7 ), which decreased with increasing distance from it (95% CI).
As can be seen in Figure 8 , the location of the new owners of dogs and cats that were adopted also had a clustered pattern (P=0.01). The area of greatest concentration of new animal owners was the downtown area, as shown in Figure 9 .
Discussion
Knowing the clustered patterns of dog and cat populations is a key factor in developing and implementing measures to control these animals without having to use methods that threaten their lives. Our study provides a view of the spatial distribution of stray dogs and cats between the years 2011 and 2012 in Votorantim municipality in addition to information on the main fates of captured animals.
The capture pattern observed was clearly non-random with statistically significant clustered densities grouped into two regions located in the downtown area and near the ZCC building with the latter point showing the highest concentration of capture events. Various explanations for this distribution include the fact that the capture staff -when venturing outside their premises -could not avoid this area or that people who abandoned dogs and cats did so near the ZCC expecting that the animal would be collected as soon as possible. The second area of great capture density was the downtown area. The high dog and cat population density there might be the cause of this result. The human population density and number of stores and restaurants in the area are, among other factors, potential food sources (Green and Gipson, 1994; Butler et al., 2000) , and the concentration of animals is greater in areas where food is available (Dias et al. 2013) . Hypothetically, another factor may be the low frequency of garbage disposal and collection and the presence of trash as available food source for stray animals (Beck, 1973) .
Most stray dogs are solitary, and the formation of packs is sporadic. The animals rarely show signs of territoriality or fights with other animals, and they can live close to one another (Berman and Dunbar, 1983) . Thus, the higher dog density is most likely not a result of the formation of packs. The presence of food and shelter can therefore be a stronger factor in the formation of these clusters. The larger number of animals in these areas increases the probability of disease transmission by increasing contact between the same animals as well as with humans (Rubin and Beck, 1982; Robertson et al., 2000) , which seriously affects the quality of life of the diseased animal, other animals and the people who live in the surrounding areas.
A high number of euthanized animals were observed (44%). Among these animals, many were killed on the first day of capture because they were in a condition of extreme suffering (due to fights, disease, been run over by a car, or for other health-related reasons). The other most frequent fates of animals captured were death due to injury or disease and adoption by locals. The number of adoptions was greater in the first days after the animal was captured, reflecting the campaigns to that effect carried out by the ZCC. The median number of days to adoption (25) reveals a potentially effective adoption campaign, although animals with longer times in residence at the ZCC require specific management. Analyses performed with Ripley's K function, the kernel density map, and the Euclidean distances allowed the detection of spatial patterns of data. These are highly useful tools, and similar studies using these techniques could provide important results for studying spatial distributions in different populations. Factors such as perceived low animal age, being sterilized, general health and good behaviour would contribute to people wanting to adopt, given that these factors have been seen as crucial for adoption in other studies (Staats et al., 2010; Fantuzzi et al., 2010; Peng et al, 2012; Weng and Hart, 2012) . However, this kind of information was not collected for this study. There were clusters of adoptions in the downtown area. This may have to do with the housing distribution in the city with homes situated far from each other in the suburbs and large urban agglomeraArticle [Geospatial Health 2015; 10:339] [page 161] tion in the downtown area; again circumstances not investigated in detail here. In addition, spatial data can be inaccurate in different ways. Location data can be inaccurate, and the recorded values may be incorrect. Due to the way data were obtained, incomplete or not completed addresses or other such information were the main limiting factors. It is expected that the results of this study will contribute to improving the understanding of the behaviour of stray dogs and cats regarding their spatial distribution, in addition to the behaviour of adopters. With campaigns related to sterilization, vaccinations, education, citizens aim to reduce neglect and abuse and generally understand how to handle dogs and cats correctly. The establishment of new adoption programmes would favour the animals, the ZCC, people who wish to adopt animals and the community in general. Further studies on factors that cause greater intensity of dogs and cats in these areas and studies to estimate the direct and indirect cost of the presence of animals in these areas should be performed.
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Conclusions
The spatial pattern found with respect to the populations of stray dogs and cats in the municipality of Votorantim was strongly clustered with density peaks in the area near the ZCC and the downtown area. Methods visualizing this type of spatial distribution pattern can produce useful results, both when applied to stray animals and to the people who adopt them. The main fates of stray animals are euthanasia and adoption with the downtown area comprising the new homes for most adopted animals. The results presented should enhance control over stray populations of dogs and cats avoiding public health problems and improving the living conditions for stray animals and people living in the city.
